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Th e diversity of crops grown in the Big Horn Basin in northwest Wyoming makes this particular area a good case study. Th e major irrigated crops are malt barley, dry bean, sugar beet, alfalfa, and corn silage. In addition to these crops, ryegrass and alfalfa grown for seed are also included in the analyses.
With varied production practices and a diff erent response to N by crop, increases in fuel and N prices impact production expenses and yield of each crop diff erently. Th is has implications for producers regarding production decisions and profi tability.
METHODS
Yield responses to N are estimated and used to determine the most profi table levels of N fertilizer for corn silage, dry bean, malt barley, and sugar beet. Yield responses to N for alfalfa and alfalfa seed are not estimated because alfalfa is a N-fi xing crop and if N is applied the rate is low. Results from a N rate study on irrigated perennial ryegrass in Alberta, Canada reported no signifi cant diff erences in seed yield (Najda, 2004) . As a result, single levels of N are used on alfalfa, ryegrass seed, and alfalfa seed.
Next, crop budgets are developed for these seven crops to determine return to management (profi t) under increased prices for fuel and N. Finally, an economic model is used to determine the impact of price increases for fuel and N on overall farm profi t and crop mix.
Nitrogen Response Functions
Much has been written about data collection and economic and statistical specifi cation in estimating mathematical forms of production functions. Heady and Dillon (1961) indicate that none of these main aspects of production function research is independent but that each infl uences the others. Beattie and Taylor (1985) suggest theory does not typically provide much guidance in selecting a particular mathematical form and that the fi t of diff erent functional forms be compared statistically. While theory does not provide much guidance in selecting functional form, it does specify the properties of the functional form.
Data from previous N rate fi eld studies are used in regression analyses to estimate N response functions. Th e functional form of the estimated equations, Cobb-Douglas or quadratic, is based on the R 2 , P value, t-statistic, the sum of the squared differences of the actual vs. predicted values and consistency of the signs of the estimated coeffi cients with theory.
Th e yield response functions for malt barley and dry bean are based on experimental data from the Powell Research and Extension Center. Experiment years ranged from 1984 to 1988 (Lauer and Partridge, 1990 ) and 1983 to 1986 (Hough and Partridge, 1987 for malt barley and dry bean, respectively. Nitrogen application rates for malt barley and dry bean vary from 0 to 202 kg of N ha -1 and 0 to 168 kg of N ha -1 , respectively. Th e N response functions for malt barley and dry bean are Cobb-Douglas functions estimated linearly as follows: 
where y is yield (kg ha -1 ), n is N applied (kg ha -1 ), a is a constant in kg ha -1 , and b is the transformation ratio. Experimental data collected at the Powell Research and Extension Center from 1989 to 1991 (Lauer, 1991 ) and 1983 and 1985 to 1987 (Partridge,1983 -1987 are used to estimate the N response functions for sugar beet and corn silage, respectively. For sugar beet and corn silage, N application rates vary from 0 to 336 kg of N ha -1 and 0 to 269 kg of N ha -1 , respectively. Quadratic N response functions for both sugar beet and corn silage are estimated as follows:
where y is yield (Mg ha -1 ), n is N applied (kg ha -1 ), a is a constant in Mg ha -1 , and b and c are regression coeffi cients. Th ese estimated crop yield response functions to N are used to determine the most profi table level of N for various fuel and N prices (P n ). Th e economic optimum amount of a variable input in this case n, is that amount which maximizes short-run profi ts from the production process. Algebraically, the profi t equation can be stated as follows:
where π is profi t; P y is output price less per unit harvest cost (net price); y = f(n), the response function; TC is total cost, P n n + other costs; and where P n is the price of N. To maximize this function with respect to input n (N), set the fi rst derivative equal to zero and solve.
dπ/dn = (dy/dn) P y -P n = 0
To maximize profi t, n will be increased to the level where the revenue generated by an additional unit of n is equal to the price of n. Relative changes in the prices of y and n will alter the optimum level of n usage.
Enterprise Budgets
Base enterprise budgets are developed for malt barley, dry bean, sugar beet, corn silage, alfalfa, alfalfa seed, and ryegrass seed. Since, alfalfa, alfalfa seed, and ryegrass seed are perennial crops, establishment budgets are developed for each of these enterprises. Once established, alfalfa, alfalfa seed, and ryegrass seed remain in production for 4, 3, and 2 yr, respectively. In the enterprise budgets for these crops, establishment costs are depreciated over 4, 3, and 2 yr for alfalfa, alfalfa seed, and ryegrass seed, respectively. Base budgets for the crop enterprises use fuel prices from the 2000 to 2002 period (Wyoming Agricultural Statistics Service, 2003) and custom rates for farming operations from Hewlett et al. (2004) . Individual fi eld operations in the enterprise budgets are based on crop enterprise budgets for the Powell area as well as advice from Powell Research and Extension Center staff and area farmers. Prices for herbicides and fertilizers are from Simplot and Big Horn Co-op of Powell. Crop prices are 5-yr averages (Wyoming Agricultural Statistics Service, 2004 and are constant throughout the analysis. Since crop prices are generally determined in a national market, the increased acreage and output in Wyoming's Big Horn Basin should not impact output prices. Increased production of alfalfa seed may be a case where output price would be impacted. However, alfalfa seed is grown under contract and a more likely factor limiting increased acres would be the ability of producers to obtain a contract. Th is also may be true for sugar beet, malt barley, and ryegrass seed, as those crops are also grown under contract. Additional enterprise budgets are developed for fuel price increases of $0.26 and $0.53 L -1 (100 and 200% increases, respectively) and for combinations of fuel price increases of $0.26 and $0.53 L -1 and N fertilizer prices of $0.88 and $1.10 kg -1 of N. Th e enterprise budgets provide an estimate of profi tability of each crop under each scenario of fuel and N price increases.
Impact Analysis
Linear programming is a management tool used to determine the mix of crops that maximize profi ts for each scenario of fuel and N prices for a 243 ha case farm. Th ree quantitative components of linear programming are an objective function, alternative methods and restriction of the resource (Agrawal and Heady, 1972) . Th e three quantitative components used in this impact analysis are; an objective function, alternative fuel and N prices, and a hectare constraint for each crop with an overall restriction of 243 ha. Th e acreage constraints for a given crop are based on 5-yr averages from Wyoming Agricultural Statistics Service (2005) where r i is return to management ha -1 for the ith crop, x i is the hectares grown for the ith crop, and π is total profi t for the 243-ha farm. Return to management (r i ) for alternative combinations of fuel and N prices for the ith crop are obtained from the enterprise budgets and are used in the economic model under four scenarios. Th e fi rst scenario includes the major crops in the Big Horn Basin: malt barley, dry bean, sugar beet, corn silage, and alfalfa, with no alfalfa seed or ryegrass seed allowed. Scenario two includes these same major crops but hectares allowed of the three most profi table crops, sugar beet, dry bean, and corn silage, are increased 20, 12, and 10 ha, respectively.
Scenario three includes the same crops as scenario one with 4 ha each of alfalfa seed and ryegrass seed allowed. Scenario four includes the same crops and hectares as scenario two and allows 4 ha each of alfalfa seed and ryegrass seed.
RESULTS AND DISCUSSION
Optimal N fertilizer application rates, crop enterprise budgets, and overall farm profi tability are evaluated for various combinations of fuel and N prices under four crop mix scenarios. Th ese results illustrate that impacts of increasing fuel and N prices on individual crops are quite diff erent and also vary with the overall crop mix.
Nitrogen Fertilizer Rates
Estimated N response functions for selected crops and statistical results are presented in Table l . Signs of the coeffi cients for the N response functions are consistent with economic theory and each is signifi cantly diff erent from zero at α = 0.10, one tail test. Further, within the range of N applied for each crop, output levels are nonnegative.
Results from the estimated N response functions are used to determine optimal N fertilizer application rates and expected yield for malt barley, dry bean, corn silage, and sugar beet under the following scenarios: the base budget, increased fuel prices of $0.26 and $0.53 L -1 (100 and 200% increases, respectively), and fuel price increases of $0.26 and $0.53 L -1 combined with N prices of $0.88 and $1.10 kg -1 of N. Th e estimated levels of N to apply varied considerably for the various fuel and N prices (Table 2) . Of the four crops, corn silage is the most responsive to changes in the price of N. For example, the optimal level of N for corn silage decreases 85 kg ha -1 when the price of N increases from $0.88 to $1.10 kg -1 and fuel price is increased $0.26 L -1 . Th e optimum N rate for dry beans, on the other hand, is not very sensitive to fuel and N price increases. Th e optimal rate of N for dry beans decreases 11 kg ha -1 when the price of N increases from $0.88 to $1.10 kg -1 and fuel price is increased by $0.26 L -1 . Th e varying response of crops to N is one of the reasons why increases in fuel and N prices impact profi tability of crops diff erently.
In addition to fuel and N price increases, changes in output price also impact the level of N applied. Nitrogen application rates are evaluated for both 10 and 30% changes in output price, relative to the 5-yr average price, for each of the four crops. For a 10% change in output price, changes in the estimated economic optimum level of N to apply range from 47 kg ha -1 for corn silage to 4 kg ha -1 for dry bean which are changes of 35 and 9%, respectively. With a 30% change in output price, changes in the estimated economic optimum level of N to apply range from 116 kg ha -1 for corn silage to 15 kg ha -1 for dry bean which are changes of 87 and 34%, respectively. For the crops considered in this analysis, corn silage is the only crop for which the economic optimum level of N applied changes by more than 50% when output price changes by 30%. Note that, as of recent market experience, input price changes as a result of crude oil prices are also aff ecting commodity prices (corn to ethanol production as a substitute for crude oil has resulted in major commodity price increases as different crops vie for the same acreage). Th is suggests that the above increases in the economic optimum N rates are likely less given the expected direct relationship between crop, fuel, and fertilizer prices that has yet to become established consistently in the market place.
Return to Management by Crop
Profi t for each crop decreases substantially as fuel and N prices are increased (Table 3) . While all crops are impacted by increased fuel and N prices, there is a considerable diff erence in the impact on profi t by crop. For example, comparing the base budget for sugar beet and corn silage with the budget when fuel price increases $0.53 L -1 with N priced at $1.10 kg -1 , profi t is reduced by $259 and $211 ha -1 , respectively. Making this same comparison for dry bean, profi t is reduced by $99 ha -1 . Increases in fuel and N prices impact production expenses of each crop diff erently because of diff erences in fi eld operations, amount of N applied, and the crop's response to N.
Farm Profi tability
Th e linear programming model is run for seven variations in fuel and N prices under four diff erent crop mix scenarios. Results show there is considerable change in estimated profi t and optimal crop mix for the various combinations of fuel and N prices under the four crop mix scenarios (Table 4) .
Compared to the base budget, profi t under scenario 1 decreases by 37 and 72% with fuel price increases of $0.26 and $0.53 L -1 , respectively. When the $0.53 L -1 increase in fuel price is combined with N priced at $1.10 kg -1 , profi t decreases 84%, relative to the base budget. By adjusting the crop mix, as well as the N applied, producers can reduce the impact of fuel and N price increases. Compared to the base budget for scenario 1, profi t under scenario 2 increases 10% when the price of fuel increases $0.26 L -1 and decreases 30% for the $0.53 L -1 increase in fuel price. Under scenario 2, profi t decreases 44% for the $0.53 L -1 increase in fuel price with N priced at $1.10 kg -1 relative to the base budget in scenario 1. Under scenario 2, hectares of the three most profi table primary crops, sugar beet, dry bean, and corn silage increase. Given this is a case study of Wyoming's Big Horn Basin, the increased acreage and output for dry bean and corn silage should not impact output price. Th e factor most likely to limit scenario 2 would be the ability of producers to obtain contracts from sugar companies to increase sugar beet acres.
Th e impact of fuel and N price increases on profi tability is reduced compared to scenario 1, when alfalfa and ryegrass seed production is allowed in scenarios 3 and 4. Under scenario 3, profi t is $20,569 for the $0.53 L -1 increase in fuel price with N priced at $1.10 kg -1 compared to $6,946 in scenario 1.Th is reduction in impact is largely due to the increased profi tability of these seed crops, as well as reduced fi eld operations once these crops are established and the level of N applied. As in the case of sugar beet, a limiting factor for scenarios 3 and 4 would be the ability of producers to obtain contracts to grow alfalfa seed and ryegrass seed. If producers are to minimize impact on profi t under rising fuel and N prices, both the level of N applied and the mix of crops to grow must be considered.
SUMMARY
Results show rising prices of N fertilizer and fuel have a major effect on production decisions and profitability. For individual crops, case study results illustrate that impacts of increasing fuel and N prices are quite different by crop. In this study, corn silage is most sensitive to price increases of N. The optimal level of N applied decreases 85 kg ha -1 when the price of fuel increases $0.26 L -1 and price of N increases $0.22 kg -1 . For fuel and N price increases of $0.53 L -1 and $0.22 kg -1 , respectively, profit for corn silage is a negative ($54.99) ha -1 compared to $157.51 ha -1 in the base budget. For these same increases in fuel and N prices, profit for dry bean is $133.78 ha -1 compared to $232.77 ha -1 for the base budget.
Under scenario 1, profitability of the 243 ha irrigated farm decreases by 37 and 72% with fuel price increases of $0.26 and $0.56 L -1 , respectively, compared to the base budgets. Combining the $0.26 L -1 increase in fuel price with a N price increase of $0.22 kg -1 results in profitability decreasing by 51% relative to the base budgets under scenario one. The profitability analysis indicates that impacts of rising fuel and N prices can be substantially reduced by making adjustments in the crop mix. Under scenario 2, where hectares of the three most profitable crops increase, profit increases 10% when fuel price increases $0.26 L -1 and decreases 30% with a $0.53 L -1 increase in fuel price, compared to the base budgets for scenario 1. In addition, adding seed crops to the crop mix reduces the impacts of increasing fuel and N prices. This means producers must adjust production practices on individual crops and also analyze their crop mix when faced with rising fuel and N prices if they are to minimize impacts. Finally, increases in commodity prices as an indirect result of higher fuel and fertilizer prices, complicate the above issues further and are beyond the scope of this research.
